Investigation of capillary-channeled polymer fiber columns for ion exchange and affinity purifications by Dimartino, S. et al.
Investigation of capillary-channeled polymer fiber columns
for ion exchange and affinity purifications

Simone Dimartino1,2, Simeon Wislang1, Abby Schadock-Hewitt3, R. Kenneth Marcus3, Conan J. Fee1,2

1Department of Chemical and Process Engineering, University of Canterbury, Christchurch,
New Zealand
2Biomolecular Interaction Centre, University of Canterbury, Christchurch, New Zealand
2Department of Chemistry, Clemson University, Clemson, SC, USA


Capillary-channeled polymer (C-CP) fiber stationary phases are receiving increasing attention in the bioseparations arena because of their good mass transfer characteristics and high permeability. Solute transport in C-CP packed columns is mainly achieved through convective processes, while diffusion-controlled paths are minimized. In addition, the relatively low pressure drops allow operation at flow rates as high as 24,000 cm h-1 without significant decreases in separation performance. Thanks to the hydrophobic properties of C-CP fibers, this alternative packing material has been extensively used in reversed phase and hydrophobic interaction chromatography. However, its application in ion exchange and affinity-based separations is a relatively new area, with many open opportunities yet to be explored.
In this work we describe the preparation, functionalization and characterization of C-CP fiber-based columns for the purification of proteins. Polypropylene (PP) C-CP fibers were functionalized with smart lipids, whose aliphatic chains strongly bind to the hydrophobic surface of the fibers. The lipids considered were modified to display specific chemical functionalities, thus making the fibers suitable for chromatographic applications. Lipids functionalization thus consists in a quick and easy method to introduce functional groups on the polymer fiber surface while maintaining the structural, mechanical, and chemical properties of the fibrous network. The chemistries considered included carboxyl (cation exchange), quaternary amine (anion exchange) and Glutathione (GST-based affinity).
The PP C-CP affinity columns obtained were tested for the separation of a range of biomolecules, including natural and recombinant proteins. First, lipid density and surface coverage of the functionalized fibers were determined. Frontal analysis was then applied to evaluate the binding and kinetic parameters under a range of operating conditions, allowing the identification of the optimal conditions that maximize separation efficiency, purity and protein recovery. Finally, the separation performances of lipid-functionalized PP C-CP columns were compared with commercially available columns, and the advantages of the fibrous stationary phase over agarose packed columns identified, especially in terms of their superior mass transfer properties.
This work will help to expand the application of C-CP fibers to the downstream processing of biomacromolecules. In addition, this work illustrates an alternative method for functionalizing hydrophobic-based porous media, such as those manufactured through 3D printing methods.



